(Z/E)-β-Curcumen-12-ol (Z/E)-(1) was synthesized via Birch reduction of acid 6 starting from α-curcumene (5). An olefin isomerization of 1 is the key step in the synthesis of (Z/E)-γ-curcumen-12-ol (Z/E)-(2). Sesquiterpene alcohol (E)-1 was found for the first time in nature as a minor constituent of different Santalum species by using the synthetic sample as reference.
Introduction
β-and γ-Curcumen-12-ol (1)/(2) are rare sesquiterpene alcohols, probably due to their highly reactive diene ring systems and may be considered therefore as biogenetic precursors for more complex sesquiterpene skeletons, e.g. tricyclic helifolenals 3 or italicenols 4.
1 Although, the enzymes involved have not been identified, it can be speculated that either a step-wise ionic mechanism or a concerted intramolecular cycloaddition is responsible for the formation of such terpenes. (Z)-and (E)-γ-Curcumen-12-ole (Z/E)- (2) were first characterized by Weyerstahl et al. in the essential oil of Pulicaria gnaphalodes (Vent.) Boiss. 1, 3 Isomer (E)-2 is also a constituent in Brazilian lantana oil (Lantana camara L.). 4 The isomeric 1,4-diene (Z)-β-curcumen-12-ol (Z)- (1) was recently isolated for the first time in Western Australian sandalwood oil (Santalum spicatum (R.Br.) A. DC.) together with the corresponding 1,3-diene (Z)-2. 5 Both sesquiterpene alcohols (Z)-1 and (Z)-2 were also detected in East Indian (S. album L.) 6 and New Caledonian sandalwood oil (S. austrocaledonicum Vieill. var. austrocaledonicum) 7 .
However, it is interesting to note that in contrast to 2, isomer (E)-1 has not been found in nature and neither a synthesis of terpene alcohol 1 nor of 2 has been described in literature so far. Here, we report a short synthesis of β-and γ-curcumenol (1)/(2) and the identification of (E)-1 in various sandalwood oils.
Results and Discussion
The synthesis of (Z/E)-β-curcumen-12-ol (Z/E)-(1) commenced from acid 6, which was obtained from α-curcumene = ar-curcumene (5), a main constituent of curcuma oil (Curcuma xanthorrhiza Roxb., Zingiberaceae), following a procedure of Weinreb et al. ] to obtain α,β-unsaturated ester (E)-10 (53% for two steps, ratio: E/Z = 95:5). Consecutive reduction of ester (E)-12 with LiAlH 4 yielded 83% of alcohol (E)-1. Its (E)-geometry at the C-10/C-11 π bond was confirmed by 1 H-NMR: irradiation at δ = 5.4 ppm (olefinic H's) gave a NOE signal at δ = 4.0 ppm (CH 2 OH). The corresponding (Z)-1 can be analogously prepared from aldehyde 9 by a (Z)-selective Wittig type olefination. 12 Synthetic alcohol (Z)-1 was identical in all respects ( 1 H, 13 C-NMR, GC-MS, RI) to the natural product (Z)-1 described by Braun et al. from Western Australian sandalwood oil. 5 Enantiomerically pure β-curcumenol (1) may be prepared starting from enantiopure aldehyde 9 following the protocol of Ogasawara et al. 13 With the synthetic sample of (E)-1 in hand, we reinvestigated various commercially available sandalwood oils and were able to detect this so far unknown isomer for the first time as a new minor constituent in nature. GC-MS and retention indices (RI) on two different columns [RI = 2513 (DB-Wax) and RI = 1745 (DB-1)] of synthetic and natural (E)-1 fully matched. However, in all three Santalum species (Z)-1 [5] [6] [7] is the predominant isomer compared to (E)-1: S. spicatum (7.2%/1.6%), S. album (2.0%/1.4%) and in S. austrocaledonicum Vieill. var. austrocaledonicum (1.1%/0.12%).
The key step for the synthesis of (Z/E)-γ-curcumenol (Z/E)- (2) is a microwave-assisted 14 olefin isomerization 15 of (Z/E)-1 under basic conditions (KOtBu/toluene). As a model compound we used 1,4-diene 7, which was rearranged into the corresponding 1,3-diene in 62% yield (31% of diene 7 recovered). In contrast (E)-1 led to a 4:1 mixture of (E)-2 and (E)-1 together with a minor amount of aromatized product [(E)-Nuciferol]. For further separation the crude product can be transformed into the corresponding acetates under standard conditions (Ac 2 O, NEt 3 , DMAP, CH 2 Cl 2 ) and separated by column chromatography using AgNO 3 impregnated silica gel. 16 However, (Z/E)-2 is chemically much more sensitive to decomposition and/or air-oxidation compared to (Z/E)-1 as described before. 1, 5 In summary, we have demonstrated a short total synthesis (6 steps, 33% over all yield) of (Z/E)-β-curcumen-12-ol (Z/E)-(1) and its transformation into (Z/E)-γ-curcumen-12-ol (Z/E)- (2) by microwave assisted olefin isomerization. Furthermore, we have shown (E)-β-curcumen-12-ol (E)-(1) being a new natural product present in different sandalwood oils. This is a further example, that natural product synthesis and structure elucidation are closely connected. 17 
Experimental Section General Procedures
All reagents were commercial products (Fluka, Aldrich or Lancaster) and were used as received. THF and Et 2 O were freshly distilled from Na/benzophenone. All other solvents were distilled prior to use. Reactions involving air and/or moisture sensitive reagents were conducted under an argon atmosphere, and the glassware was oven dried (140°C) and purged with argon. 
4-(4-Methyl-1,4-cyclohexadienyl)pentanoic acid (7)
. A solution of 6 (1.5 g, 7.8 mmol) in anhydrous THF (35 mL) was added slowly with stirring to liquid ammonia (100 mL) at -70°C.
To the clear solution Li metal (2.5 g, 357 mmol) was added in small pieces. After 30 min EtOH (5 mL) was added to the deep blue mixture and stirring was continued for 1h. The reaction was quenched with EtOH and the ammonia was allowed to distill off over night. The reaction mixture was concentrated in vacuum, the remaining aqueous phase cooled with ice and acidified with 1M HCl and extracted with tert. butylmethyl ether (5 x 50 mL). The combined organic phases were washed with water (4 x 30 mL), concentrated and the remaining oil distilled to yield 2-methyl-6-(4-methyl-cyclohexa-1,4-dienyl)hept-2-enoate (10) . To a solution of amid 8 (0.54 g, 2.3 mmol) in Et 2 O (10 mL) at 5°C was added LiAlH 4 (0.20 g, 5.3 mmol) in small portions with stirring. Stirring was continued for 30 min and then ethyl acetate (3 mL) was added followed by 1M HCl (5 mL). The organic phase was separated and the aqueous extracted with Et 2 O (3x 25 mL). The combined organic phases were washed with H 2 O (2x10 mL), filtered through silica gel (30 g) and the filtrate was concentrated to obtain aldehyde 9, which was used without further purification for the consecutive Wittig reaction. Crude aldehyde 9 was dissolved in CH 2 Cl 2 (20 mL) and Ph 3 P + CHMeCO 2 MeBr -(1.10 g, 2.6 mmol) was added under stirring followed by NEt 3 (0.5 mL). The reaction mixture was concentrated after 18h, the residue dissolved in Et 2 O (50 mL), the solution decanted from the precipitate and filtered through silica gel (40 g). . A mixture of (E)-1 (0.1 g, 0.45 mmol) and KOtBu (0.2 g) in degassed toluene (4 mL) was heated with stirring under Ar atmosphere in a microwave oven at 100°C for 2h. The cooled yellow reaction mixture was diluted with Et 2 O (20 mL), the organic phase washed with H 2 O (5 mL) and brine (5 mL) and filtered through a pad of silica gel (20 g). The filtrate was concentrated and the remaining oil distilled via Kugelrohr (100°C/0.03 Torr) to yield 0.08 g (80%) of a 4:1 mixture of (E)-2 and (E)-1. The mixture can be separated after transformation into the corresponding acetates on silica gel/10% AgNO 3 .
Methyl (E)-
16 (E)-2 is very sensitive to decomposition.
